Regional classifications
According to the Intergovernmental panel on Climate Change the fifth assessment (IPCC AR5) and Tian et al. (2016) , we divided the world into seven regions including North America, South America, Africa, Europe, southern Asia, northern Asia, and Oceania. To be clarified, southern Asia was divided into five parts (i.e., West, South, East, Central and Southeast Asia) since subregions within it have become hotspots for nitrogen inputs and greenhouse gas emissions (e.g., South and East Asia) (Fig. S1 , Table S1 ). Figure S1 . The classification of regions in the world. Table S1 The countries included in eleven regions across the globe.
2. Global and regional grassland area changes over the period 1860 -2016 (adapted from HYDE 3.2, Klein Goldewijk, 2017 We aggregated 5-arc minute HYDE 3.2 land use dataset to 0.5 degree. Since HYDE 3.2 only provided every 10 years land use data during 1860-2000, we used the linear interpolation to produce annual maps for pastures and rangelands for each 0.5 grid cell. Grassland area increased from 1250 to 3295 Mha during 1860-2016, as shown in Fig.S2 . The pasture area was increasing from 268 to 803 Mha during the study period (Fig.S2 , Table S2 ). Compared with the area in the 1860s, Oceania and South America experienced a substantial expansion of pastureland, roughly 3136% and 2228%, respectively. North America, Africa, and southern Asia also exhibited a huge increase of pastureland, 760%, 381%, and 140%, respectively. In contrast, pastureland in Europe exhibited a slight decrease (13%). The rangeland area was increasing from 982 to 2492 Mha during 1860-2016 (Fig.S2 , Table S3 ). Similar to the pastureland expansion, Oceania and South America experienced a substantial increase in rangeland area, 1656% and 521%, respectively, followed by North America (350%) and southern Asia (123%). In contrast, northern Asia exhibited a slight decrease, about 7%. Figure S3 . The temporal patterns of average N input rates (kg N ha -1 ) in regional pastures and rangelands during 1860-2016. 
